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Abstract

In 3D particlesimulations,thegenerated6D phasespace
datacanbeverylargedueto theneedfor accuratestatistics,
suf�cient noiseattenuationin the �eld solver andtracking
of many turns in ring machinesor accelerators.Thereis
a needfor distributedapplicationsthat allow usersto pe-
rusetheseextremely large remotelylocateddatasetswith
thesameeaseaslocally downloadeddata.This paperwill
show conceptsanda prototypetool to extractusefulphys-
ical informationout of 6D raw phasespacedata.PartView
allows theuserto project6D datainto 3D spaceby select-
ing which dimensionsarerepresentedspatiallyandwhich
dimensionsare representedas particleattributes,and the
constructionof complex transferfunctionsfor representing
theparticleattributes. It alsoallows managementof time-
seriesdata.An HDF5-basedparallel-I/Olibrary, with C++,
C andFortranbindingssimpli�es theinterfacewith a vari-
ety of codes.A numberof hooksin PartView will allow it
to connectwith a parallelback-endthat is ableto provide
remote�le access,progressivestreaming,andevenparallel
renderingof particlesetsin excessof 1Billion particles.

MOTIVATION FOR 3D VISUALIZA TION
METHODS FOR UNDERSTANDING

LARGE DATASETS

With particleacceleratorsimulationsmoving from qual-
itative to quantitativepredictions,the dimensionalityof
the modelssuddenlychangesto threespacialdimensions.
For particlesimulationsthis impliesa 6 dimensionalphase
spacein thecontinuumanddependingonthemodelat least
a 3 dimensionaldiscretespaceto solve, for example, a
Poissonproblemin thecourseof spacechargedominated
beamsimulations[1].

On theotherhandnext generationlight sourcessuchas
X-ray FreeElectronLaser(XFEL), will requirestartto end
simulationsincluding several challengingproblemssuch
as:effectsof coherentsynchrotronradiation,detailedmod-
eling of variousmisalignmenteffectsanddetailedandac-
curatepredictionsof emittancegrowth. In thesetype of
problemsa large numberof macroparticlesis required,
large scaleshave to be resolved and the ability to scana
hugeparameterspaceleadsto largerdatasets.
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3D VISUALIZA TION WITH AVS/EXPRESS

The mostcommonmethodusedto inspectthe simula-
tion datais to createscatterplotsof a subsetof the 6 di-
mensions(eg. plot oneof the phasecomponentsagainst
the z-coordinatefor eachparticle in the simulation). The
visualizationin 3D requiresthe useof specializedvisual-
ization software and the developmentof domainspeci�c
applications. Among the commercialvisualizationpack-
agesAVS/Express[2] [3] providesa goodenvironmentto
quickly developcustomapplicationsandto explorediffer-
ent visualizationtechniques.Its modulardesignmakesit
easyto addcustomlibrary modulesto thealreadygoodli-
braryprovidedwith theapplication.Its 64-bit versionsup-
ports fairly big datasetswith reasonableinteractivity. We
developeda customreaderthat supportsthe HDF5 data
modeldescribedin [4] andapplicationsto investigatethe
timevarying6 dimensionaldatasets.Thenumberof parti-
clesfor theseapplicationsarearound100,000.

As particlebeamsareacceleratedandfocusedthey in-
teractwith their environment.Theseinteractionscanpro-
ducebeamhalos,beamquality degradationandcanresult
in beaminstabilities.To provide insight into thebehaviour
of theparticlesalongtheir trajectorieswe developeda par-
ticle trackingmodulethat allows the userto interactively
selectparticlesin a region of interestandfollow themin
time. Oncetheparticlesin theregionareidenti�ed theuser
canrestricttheir selectionevenmoreto avoid clutteringof
the resultingtrajectories.The particlesandtheir trajecto-
riesarecoloredby themagnitudeof themomentum.Fig-
ure 1 shows a groupof particlesselectedin the halo area
in the�nal distribution of thesimulationandtheir position
in theinitial step.Anotherapplicationallowsthevisualiza-
tion of thetime seriesselectingwhich of the6 dimensions
areconsideredascoordinatesandwhichonesasnodedata.
Figure2 showsatypicalview of thez-pzplanefor thesame
datasetof Figure1.

To visualize 3D electroncloud instabilities we added
more thanonespeciesof particlesto the applicationand
renderedthemasindependent�elds. Theinteractiveselec-
tion of electronsandthe visualizationof their trajectories
allowsusto seetheircomplex 3 dimensionalbehavior. See
Figure3 for anexampleof electrontrajectories.

PARTVIEW

AVS/Expressoffers considerable�e xibility for con-
structingsophisticatedvisualizations,but often users�nd



Figure1: color: Trackingof protontrajectoriesasthesim-
ulationprogresses.

theuserinterfacedaunting.ThePartView tool is designed
to provide a straightforward interfacethat coversthe sim-
pler 80% of the kinds of 3D analysisand inspectionthat
the acceleratormodelingresearchersneedin order to un-
derstandtheir dataset.It is consistentwith recommenda-
tions from our userswho indicateda preferencefor tools
thathadauserinterfacethatwassimplerandcustomizedto
theirproblemoverpowerful/complex general-purposeuser
interfaces.

In addition,theparticlesimulationsarescalingup very
rapidly andmaysoonexceedtheability of serialtools like
Expressto managethe resultingdatasets.Thereis a need

Figure2: color: AVS/Expressinterface.

for lightweight front-endapplicationsthat cantap into re-
moteI/O andrenderingservicesthatarelocatedat thesite
wherethedatasetsareproduced.This very samearchitec-
turecanalsobeusedto connectto runningapplicationsfor
visual inspectionof simulationsthatarein progress.This
kind of distributedapplicationapproachcanoffer the in-
teractivity of a desktoptool, but allow usersto peruseex-
tremelylargeremotelylocateddatasetswith thesameease
aslocally downloadeddata.

To address these concerns, we created PartView.
PartView wasconstructedusingFLTK[5], OpenGL[6], and
HDF5[7] so that it caneasilybecompiledon a numberof
platforms.Thetoolallowstheuserto project6 dimensional
datainto a 3 dimensionalspaceby selectingwhich dimen-
sionsare representedspatially andwhich dimensionsare
representedas particle attributes(color and transparency
currently),andtheconstructionof complex transferfunc-
tions for representingtheparticleattributes. It alsoallows
managementof time-seriesdataandtwo different�le for-
mats for storing the particle acceleratordata. Figure 4
showsPartView'sGUI with thecolormapeditors(gaussian
andsolid).

An HDF5-basedparallel-I/Olibrary waswritten in con-
junction with this applicationthat allows more than one
groupto usethis sametool to understandtheir data. The
HDF5 �le formatwill enablethesimulationsto handlethe
I/O requirementsof simulationsthat arean orderof mag-
nitudelarger thanis currentlyreasonableandalsosupport
someinteroperabilitybetweengroupswith similar needs.
The API for the �le formathasC++, C andFortranbind-
ings in orderto interfacewith a variety of differentcodes
employedin this area.See[4] for moredetails.

PartView hasanumberof hooksthatwill allow it to con-
nectwith aparallelback-endthatis ableto provideremote
�le access,progressive streamingof the largestdatasets,



Figure3: color: Electroncloudvisualization:electrontra-
jectoriesasthesimulationprogresses.

and even parallel renderingof particle setsin excessof
1Billion particles.This capabilityis still in development.

CONCLUSIONS

As high performancecomputingbecomesindispensable
for thedesignandtestof particleaccelerators,thehigh di-
mensionalityof the problemsand the size of the simula-
tions requiresthe designof clever visualizationsthat can
helpunderstandtheunderlyingphysicalnatureof theprob-
lem. As oneexample,thetrackingof particlesthatarelost
in theacceleratorcanhelpoptimizethestartingconditions

Figure4: color: PartView'sGUI with thecolormapeditor.

of theparticledistributions.
Over thecourseof thenext year, our primaryfocuswill

be on increasingthe capability and capacityof PartView
which is beingtargetedat simulationsthat generate1 bil-
lion particlesor more.

We will continueto use AVS/Expressto producethe
more so�sticated visualizations,high resolution images
andanimations.For the biggerdatasetswe will needto
�nd anacceptablesubsamplingmechanism.
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